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Abstract
Fecal incontinence (FI) is an extremely common condition, whose true prevalence is dif-
ficult to assess. It was defined as the uncontrolled passage of fecal material recurring for 
>3 months. Fecal incontinence is related to many etiologic factors, but one of the most 
frequent causes is secondary to pelvic and/or anal and rectal surgery, childbirth-related 
damage, or other pelvic trauma. Fecal incontinence after surgery may be elicited by many 
pelvic, rectal, and anal surgical/obstetric procedures, which contribute through differ-
ent mechanisms to incontinence. After accurate evaluation, the first line approach with 
medical and behavioral treatments often fails in treating FI. Rehabilitative therapy and 
less invasive procedures are preferred before performing standard surgical intervention, 
while invasive procedures are to be discouraged.
Keywords: fecal incontinence, anorectal manometry, endoanal ultrasound, bulking 
agents, sphincteroplasty
1. Introduction
Fecal incontinence (FI) is an extremely common condition, whose true prevalence is difficult 
to assess. It was defined as the uncontrolled passage of fecal material recurring for >3 months 
[1]. The employment of absorbent pads, alimentary restriction, and other restraint principals, 
up until the last few years, was the only treatment within nonspecialized centers. One of the 
side effects of dysfunctional sphincter is the inability to hold gas and feces. Incontinence is 
the result of irregularity of any of the systems, anatomic and neurophysiological structures, 
together with other systemic diseases, which may have altered intestinal motility and stool 
consistency as well as diseases that affect superior cerebral capability. Incontinence reduces 
significantly the patient’s quality of life and leads patients to renounce all forms of social daily 
life. With the passing of the years, changes in pelvic floor structures, connective tissue, smooth 
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and striated muscle component lead to an increase in prevalence of the incontinence. The 
psycho-emotional effects, namely, stress, anguish, tears, anxiety, fatigue, fear of public humil-
iation, and the sensation to be dirty and smelling are devastating. Limited sexual activity is 
inevitable as also fear of the anticipated incontinence, fury, abasement, depression, insulation, 
and frustration. In addition, activity is seriously impaired; for many patients, trivially walk-
ing can be a time to deal with unpleasant inconveniences and that results in avoiding every 
daily activities. After accurate evaluation, the first line approach with medical and behavioral 
treatments often fails in treating FI. Rehabilitative therapy and less invasive procedures are 
preferred before performing standard surgical intervention, while invasive procedures are to 
be discouraged.
2. Fecal incontinence following surgery or trauma
Fecal incontinence is related to many etiologic factors, but one of the most frequent causes is 
secondary to pelvic and/or anal and rectal surgery, childbirth-related damage or other pelvic 
trauma. Fecal incontinence after surgery may be elicited by many pelvic, rectal, and anal sur-
gical/obstetric procedures, which contribute through different mechanisms to incontinence. 
Until quite recently, the surgical management of fecal incontinence has, for almost 25 years, 
focused on the repair of injuries sustained to the anal sphincter complex. The advent of anal 
ultrasound in the late 1980s allows better case selection through improved recognition and 
characterization of anterior obstetric and anal defects amenable to repair, previously relied 
only to clinical examination [2].
3. Clinical assessment
Medical, surgical and obstetric history is the first attempt to evaluate a patient suffering from 
fecal incontinence. Information regarding stool form according to the Bristol scale [1, 3], num-
ber of bowel movements/week, pathological pre-existing conditions and procedures of for-
mer rectal and/or anal surgery were collected from previous outpatient charts. The surgical 
operations were categorized according to type of surgical procedure, operation date, underly-
ing disease, time elapsed between surgical procedure and outpatient observation. Obstetric 
trauma has the highest incidence, both following a surgical procedure (episiotomy) and a 
sequel of traumatic delivery (prolonged labor, a disproportion between the size of the baby 
and the pelvis, breech delivery, forceps use). The Sultan classification [4] has been adopted by 
the International Consultation on Incontinence [5] and the Royal of obstetricians and gyne-
cologists. Different scores are used to classify fecal incontinence: Fecal Incontinence Severity 
Index (FISI) score [6], Fecal incontinence quality of life (FIQL) [7], Rapid assessment fecal 
incontinence score (RAFIS) [8], Gastrointestinal Quality of Life Index (GIQLI) [9], and Wexner 
and Jorge scale [10]. Rectal examination remains the first attempt to evaluate the condition of 
anal sphincter in patients with FI, showing good sensitivity and poor specificity in discern-
ing small from severe global anal sphincter defects. Moreover, digital rectal examination had 
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fair sensitivity and poor specificity in grading external anal sphincter defects, and its best 
accuracy was on complete external anal sphincter lesions. Anal resting and squeeze tone were 
correlated to anal pressures [11].
4. Diagnosis
4.1. Functional tests
4.1.1. Anorectal manometry
A useful functional test for accurate definition of anal canal pressures, recto-anal inhibitory 
reflex, rectal sensations and rectal compliance is anorectal-manometry (ARM). Fecal incon-
tinence is evaluated using all these parameters. Different methods to acquire data regard-
ing ARM in FI management are employed: classic water perfusion manometry, solid-state 
manometry [12], and high-resolution manometry [13, 14]. Solid-state probe with strain gauge 
transducers or water-perfused probes is actually in use. A central lumen ends in a 4-cm long, 
compliant balloon attached to the extremity of the catheter, at 4 cm from the distal record-
ing point [12, 15, 16]. The water perfused manometry systems use pneumohydraulic pumps 
ensuring a rate of 0.2–0.4 ml/min with a pressure head of 10 psi. The sonde is introduced 
leaving pressure sensors and balloon in the rectum, and a rest time of 5 min is necessary 
to allow the anal basal tone to become again to its starting value. The resting anal pressure 
may be measured with a station pull-through technique withdrawing the probe step-by-step 
0.5 cm at the time to record the pressure profile of the anal canal. If the patient is not totally 
at relax, there could be a stronger concurrence of the striated muscles and higher pressures 
certainly would be registered. Therefore, in order to obtain steady values, it would be pref-
erable to place the sensors inside the anal canal and register the pressure at rest for longer 
period (5–15 min).
The basal tone is given by tonic activities of the internal anal sphincter (IAS) and of the exter-
nal anal sphincter (EAS). Works on the effect of the IAS myotomy, general anesthesia [17], 
and of the block of pudendal nerve [18] on the anal pressures show that 75–85% of the rest 
pressure derives from the IAS and the remaining part from the EAS. To assess the strength 
and length of the voluntary contraction, the gauge sonde is positioned in the anal canal with 
registration bores in the high-pressure area, and the patient is asked to squeeze (≥2 attempts). 
The average of the highest pressures recorded at any site in the anal canal is used to calculate 
the maximum squeeze pressure [12, 16]. The duration of squeezing can be intended as the 
period in which the squeeze pressure is maintained above 50% of the maximum value or as 
the interval between the beginning of the pressure increasing in the anal canal and the pres-
sure curve returns to the starting values. The squeeze maneuver assesses the function and the 
voluntary control of the EAS. Recent works, using manometry and 3D ultrasound of the anal 
canal [19], reported the association between increased pressure along the entire anal canal 
and the contraction of puborectalis muscle and EAS. These data suggest that the puborecta-
lis muscle takes parts to the squeezing time in the proximal portion of the anal canal, while 
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the EAS in the distal portion and the maximal values are registered where the puborectalis 
overlaps EAS. Involuntary contraction of the EAS occurs during blunt change in abdominal 
pressure: this is a multisynaptic sacral reflex that prevents anal incontinence in such condi-
tions and that is voluntarily inhibited during defecation. To check the integrity of this reflex, 
the patient is invited to make a cough: this reflex response results in the anal sphincter pres-
sure to rise above that of the rectum. The cough reflex is evaluated as the highest positive 
difference between the increases of the anal pressure in comparison with the increase of the 
rectal pressure in two attempts [12]. Picking at the perianal skin is possible to attend at a 
contraction of EAS: this is the anocutaneous reflex. Anal pressures vary by age and sex even 
though there exists a sizable overlapping in values [15, 16, 20, 21]. Measured pressures tend 
to be higher when you run a quick pull-through [10]. Barostat test would be the ideal method 
for assessing the sensorial and viscoelastic characteristics of the rectum, even though it is still 
use in routinely valuation because of its cost. During ARM, a balloon is inflated in the rectum 
with increasing volumes of air to keep some information over the viscoelastic properties and 
sensory functions. This procedure is less accurate than the detailed barostat test, but it is 
considered sufficient to keep information about clinical rectal properties. The rectal balloon 
is intermittently air inflated. Each inflation is performed every 30–60 s and implies a 10 ml 
volume gain up to 200 ml of air or the beginning of pain/discomfort. The rectal balloon is com-
pletely deflated after each step [12, 16]. Rectum responds to filling with visceral relaxation for 
comfortably storing feces until the voluntary defecation: this accommodation is described by 
the rectal compliance, which is a volume/pressure curve. The pressure in the balloon during 
the distension seems to be connected to the internal rectal pressure, and its recording is used 
to assess the rectal compliance. The balloon inflation causes a fast increasing of the balloon 
pressure, followed by a decline to a steady-state value as the rectum fits to the increased vol-
ume. The rectal steady state is calculated as the difference between the recorded pressure and 
the pressure obtained during the inflation of the balloon. High compliance rates means that 
the rectum has excessive relaxation and then results in poor increased pressure in its lumen, 
conversely low compliance rates describe a poor adaptation of the rectum to volume gains 
and then results in high intra-rectal pressures. The distension of the rectum by increasing 
volumes is aimed also to evaluate rectal sensibility. The patient is invited to refer the feelings 
in the rectum. Usually, three steps of sensations are identified: (1) feeling of fullness or dis-
tention, (2) steady bid to evacuate, and (3) maximum tolerable volume that can be associated 
with painful sensation [12, 16]. Large size and/or high compliant rectum requires large vol-
ume to evoke the call to evacuate; in noncompliant rectum, small volume can induce urgency 
[22]. However, balloon inflections used to assess the rectal compliance and sensibility seem to 
have some limits: in addition to the fact, the rectum is an open cavity, the results depend on 
both technique and operator. Recorded data may vary according to the size and the nature of 
the balloon and the method of air inflation and its velocity. The rectal sensibility can also be 
modified by the discomfort caused by the maneuver and/or by the use of clyster before the 
test. Distention of the rectum causes a transitory decrement of the basal anal pressure due to 
the relaxation of the IAS: this characteristic is known as the rectoanal inhibitory reflex (RAIR). 
It is a reflex mediated via the myenteric plexus. It can be also identified as a “sampling mecha-
nism” to discriminate the rectal content: flatus and consistence of feces. The characteristics of 
the RAIR depend on some technical aspects: the rectum should be empty, megarectum needs 
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high volume to reach the correct level of distension in order to evocate the reflex, the pressure 
drop can be obscured by the EAS contraction, or it cannot be evident at all when the resting 
pressure is very low. The nondetectability of RAIR is diagnostic for Hirschsprung’s disease 
with a sensitivity of 91% and specificity of 94%. In constipated patients, it is convenient to 
evaluate the defecatory maneuver. The patient is invited to defecate to evaluate sphincter 
responses during the maneuver, while the rectal balloon can be inflated with air or water. 
Normal pattern should result in increasing the internal rectal pressure, which is synergic with 
the decrease in the internal anal pressure. Some patients may have anal pressure increment 
during straining for the paradoxical contraction of the EAS or lack of anal relaxation: in both 
cases, there is an obstacle to evacuate [12]. In a third pattern of dyssynergic defecation, the 
internal rectal pressure is lower than anal pressure [12]. The maneuver can be altered by 
outpatient condition (position of the patient, lack of privacy); actually, it is poorly reproduc-
ible and altered patterns are recorded also in asymptomatic subjects. Anorectal manometry is 
suggested in the workup for fecal incontinence because it provides objective assessment of the 
anal sphincter function. The manometric parameters usually considered are resting pressure, 
squeeze pressure, rectal compliance, and rectal sensibility.
4.1.2. Electromyography
Another functional evaluation is the anal neurophysiological testing. External anal sphincter 
electromyography, motor-evoked potentials, somatosensory evoked potentials, and sacral 
anal reflex latency measurement are currently available to evaluate neurogenic anorectal dis-
orders. Pudendal nerve supplies voluntary control of external anal sphincter, diagnosis of 
its damage may be reached with neurophysiological tests and a prolongation of electrical 
impulse across it may have several impacts on evacuative control [23]. Finally, anal electro-
myography may be helpful in patients with obstructed defecation. It senses electrical activity 
during rest, squeeze, and strain and can be useful to identify patients with paradoxical con-
traction of the puborectalis, sign of pelvic floor dyssynergia.
5. Imaging
5.1. Endoanal ultrasound
Endoanal ultrasound allows to visualize the complete ring of the internal anal sphincter 
(IAS), the complete ring of the superficial external anal sphincter (EAS) (concentric band 
of mixed echogenicity) and the thickness of both anal sphincters in the middle level of the 
anal canal [24, 25]. A discontinuity of the muscle, with an area of mixed echogenicity due to 
replacement of muscle cells by fibrous tissue, was read as a defect of IAS or EAS. The sphinc-
ter defect was measured in degrees. Diffuse thinning and/or replacement of muscle fibers by 
fat defined external anal sphincter atrophy. Internal anal sphincter atrophy was identified as 
diffuse thinning of the sphincter. Correct acquaintance of the normal ultrasonographic anat-
omy of the anal canal is necessary to identify abnormalities. In particular, EAUS is currently 
the gold standard exam for internal and external anal sphincter defects identification in fecal 
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incontinence. Most recent studies showed 80–100% sensitivity in identifying sphincter’s 
damages. Endosonographic scanning is performed with a 7 or 10 MHz rotating endoprobe, 
providing a 360° axial view of the anal canal; three-dimensional endosonography allows mul-
tiplanar imaging of the anal sphincters. Color or power Doppler imaging technology can also 
be used with endosonography [26]. The examination is performed with the patient placed 
in the left lateral position, in the knee-chest position. A digital anorectal examination must 
be performed before the insertion of the probe to visualize the lesion’s size and location and 
the status of the anal sphincters [27, 28]. At the moment of the insertion of the probe into the 
anal canal, it is usually put in line with standard orientation, in which the anterior anatomi-
cal structures are at the uppermost or 12 o’clock side of the image, the patient’s left side is at 
3 o’clock, the patient’s posterior side is at 6 o’clock, and the patient’s right side is at 9 o’clock. 
To cover the entire length of the anorectal canal, the probe should be introduced up to 8–9 cm, 
approximately at the level of peritoneal reflection. Then, the probe is slowly retracted, and 
images are obtained at different levels through the anal canal [29].
The anatomy of the anal sphincter complex is based on four layers: (1) sub-epithelial tissues 
(medium reflectivity), (2) IAS – hypoechoic (low reflectivity), (3) the longitudinal-muscle 
layer (variable reflectivity), (4) EAS – hyperechoic (variable reflectivity).
The anal canal is conventionally divided into three different parts: (1) upper anal canal which 
is a hyperechoic horseshoe sling of the puborectalis muscle posteriorly and loss of the EAS 
in the midline anteriorly; (2) middle anal canal level which is the completion of the EAS ring 
anteriorly in combination with the maximum IAS thickness (IAS is seen as a hypoechoic ring-
like structure); (3) the lower anal canal level is defined as that immediately caudal to the 
termination of the IAS and comprises the subcutaneous EAS. Moreover, the IAS gets slightly 
thicker, and the EAS gets thinner with increasing age. It is important to consider some snares 
in the reading of EAS images. The female anterior EAS anatomically situated below the level 
of the puborectalis sling may be wrongly interpreted as an anterior EAS damage. The ano-
coccygeal ligament, with its triangular hypoechoic structure on the axial images posteriorly, 
should not be confused with a sphincter defect. On endoanal sonography, atrophic or degen-
erative sphincters are seen as thin and poorly defined and often with heterogeneous increased 
echogenicity. Increased echogenicity on endoanal sonography has been shown histologically 
to be correlated with replacement of smooth muscle by fibrous tissue. It will be important to 
recognize abnormal thinning and physiologic age-related EAS differences. This should be a 
problem in the EAS because the EAS muscle is also thinner at older ages, and it may be diffi-
cult to distinguish sufficiently between atrophy and age-related changes [30]. The IAS is very 
clearly seen on endoanal sonography, and it is easier to appreciate atrophy and small tears of 
this sphincter. Moreover, 3D endoanal sonography facilitates sagittal and coronal reconstruc-
tion of the anal canal, resulting in better delineation of the normal anatomy and defects of the 
anal sphincter. On endoanal sonography, scar tissue seems to be a mixed echogenic area. A 
discontinuity of the anal sphincters results as a localized defect. The localized defect of the IAS 
appears as hyperechoic break, and EAS tears appear as relatively hypoechoic areas. An injury 
of the EAS due to vaginal delivery is typically anterior, usually in the right anterolateral side. 
In contrast, an isolated IAS injury almost never follows childbirth and indicates a primary 
traumatic cause from within the anal canal, most commonly surgical interventions. During 
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the exam should be carefully registered the number, the circumferential and the longitudinal 
extent of all defects. Anal sphincter injury related to vaginal delivery in female is the most 
common cause of fecal incontinence due to direct or indirect anal sphincter muscles damage 
or sphincter innervation. They are identified in 0.6–9.0% of vaginal deliveries where medio-
lateral episiotomy is performed, but the detection in EAUS is much higher. Typically, anal 
sphincter defects childbirth related are ultrasonically seen as an interruption of the normal 
U-shaped, upper—or round—middle, and low aspect of the EAS characterized by a “loss” of 
the right anterolateral arm of the EAS (from 9 o’clock to 11 o’clock) because the episiotomy is 
usually realized, by a right-hander gynecologist, in this anterolateral area. If the EAUS after 
vaginal delivery will detect an important anal sphincter defect—even little symptomatic—it 
should be immediately repaired to decrease the risk of severe FI. Anorectal surgery repre-
sents the second most frequent cause of sphincter lesion. In all cases of anorectal surgery, 
especially in cases of a procedure with more risk of postsurgical sphincter lesions—fistula in 
ano—and even for simple anorectal surgery, as in the case of a patient who is multiparous or 
with previous perianal surgery or trauma, EAUS is mandatory to be performed to evaluate 
the status of the sphincter complex to avoid surgical procedures that could make unmask a 
preexisting sphincter incontinence in the postoperative period. When a hemorrhoidectomy 
or a prolapsectomy is performed, respectively, the removal of hemorrhoidal cushions or the 
postoperative fecal urgency that can occur after prolapsectomy can improve a light or sub-
clinical fecal incontinence [31]. Moreover, an anal sphincterotomy performed for anal fissure 
could became the final act responsible for moving a previous asymptomatic sphincter lesion 
in a clinical fecal incontinence. In particular, EAUS in patients surgically treated for anal fis-
sure might show insufficient sphincterotomy and sphincterial thickening because of the per-
sistence of fissure and anal pain or, on the contrary, demonstrate an excessive sphincterotomy 
with temporary or permanent incontinence. In case of a surgery for fistula in ano, an endoanal 
US should be performed in the preoperative for mapping the abscess and identify the fistula, 
but also to exclude the presence of a previous internal, external, or both sphincter lesions. 
This relief could change the quality and outcome of surgery [32]. The preoperative EAUS is, 
however, recommended for every fistula because the fistula that was preoperatively judged 
easy might demonstrate as complex at surgery or at the postoperative follow-up with poten-
tial even dramatic sphincter consequences [33, 34]. In recurrent or complex fistula in ano, 3D 
EAUS (sometimes with hydrogen peroxide) proved to be more accurate than 2D for detecting 
difficult (hidden) primary or secondary tracks and internal openings [35]. It should be under-
lined, however, that an endoanal US realized in an operated patient could offer important 
difficulties of interpretation of the US images for the presence of fibrosclerotic tissue and/or 
artifacts.
5.2. Magnetic resonance imaging in fecal incontinence
An imaging assessment is mandatory in evaluating anal incontinence as sphincter tears are 
overlooked at clinical examination. Loss of ring continuity and loss of homogeneous intensity 
signal of the sphincters are pathologic detections due to damage of muscle fibers. Breakage 
of the normal shape with hypointense alteration of the muscle fibers is pathognomonic of 
the presence of scar tissue. It is visible as hypointense tissue because of its content in fibrous 
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tissue, more hypointense than the normal external sphincter, distorting the normal multilay-
ered architecture of the sphincter muscle. Fat replacement is also a finding consistent with 
atrophy even if the sphincter thickness is preserved [36]. Many studies have demonstrated 
that despite its lower local spatial resolution, external phase-array MR imaging is compara-
ble to endoanal magnetic resonance imaging (MRI) for the depiction of anal sphincter defects 
and EAS atrophy. Endoanal exam have limits as the discomfort in the introduction of the 
coil, the reduced quality of images due to artifacts from movement and interface between the 
probe and the rectum, and probable stretching of the sphincter muscles caused by the probe 
itself with consequent underestimation of their thickness [37, 38]. External phased-array MRI 
imaging has demonstrated atrophy of EAS in most women complaining fecal incontinence 
and an IAS defect in women with previous obstetric trauma. Besides external phased-array 
MRI can identify other defects of pelvic floor structures. Puborectalis muscle atrophy, shown 
as an abnormal thinning, has also been found in a considerable number of fecal inconti-
nent patients. Pubo-rectalis and levator-ani muscle defects are relatively common in women 
with severe fecal incontinence, however usually associated to sphincter injury than solitary 
defects. MRI has demonstrated that levator-ani muscle injury is present in lot of women with 
EAS injuries who delivered vaginally, and those women patients were frequently suffering 
from fecal incontinence. Anorectal angle (ARA) change during squeeze was lower in subjects 
with fecal incontinence who had a history of a third- or fourth degree perineal tear, indicat-
ing a lower function of the pubo-rectalis muscle [39]. It is important to assess the sphincter 
integrity with MRI because patients who have only a focal defect may benefit from surgical 
repair [40], or in the case of incontinence and rectal prolapse, patients may achieve restoration 
of continence after rectopexy [41]. In the selection of patients for anal sphincter repair, both 
endoanal MR and endoanal sonography are sensitive tools for pre-operatory assessment, but 
endoanal MRI is capable of depicting EAS atrophy, with a sensitivity of 81% and a positive 
predictive value of 89% compared to surgical findings, which is associated with a poor out-
come of anterior anal sphincter repair [42, 43]. Patients with external sphincter atrophy at a 
preoperatory assessment have worse outcome after repair, while those with normal external 
thickness show a better postsurgical outcome [44]. MRI defecography (dynamic imaging of 
the pelvic floor) has also been evaluated in selecting surgical options in anal incontinence 
and MRI defecography reveals various pelvic floor abnormalities including rectal descent, 
cystocele, enterocele, rectocele, and rectal invagination. Moreover, 50% of patients revealed 
ARA changes <10% between rest and squeezing and rest and defecation, indicating a dys-
function of puborectalis sling mechanism. Experience of radiologist is important in evaluat-
ing the sphincters complex, being the interobserver agreement stronger if both internal and 
external sphincters are intact or damaged [45]. MRI provides an accurate depiction of anal 
sphincter complex and pelvic floor anatomy with evaluation of muscle integrity and being 
a valuable tool to assess functional abnormalities of the pelvic floor as well. Either endoanal 
or external MRI can be used to evaluate muscle integrity with comparable results. External 
phased-array MRI provides information on pelvic floor muscle, while dynamic imaging is 
an additional tool to assess if pelvic floor prolapsed (bladder, uterine, or rectal) is associated. 
These information are of main diagnostic importance in evaluating fecal incontinence and 
aid treatment decision-making.
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6. Treatment
The first step of therapy is conservative approaches, especially in patients with mild symp-
tomatology, as dietary changing, medical therapy, muscles exercises (exercises of Kegel), bio-
feedback, and nonsurgical electrical nerve stimulation. Dietary changing avoiding caffeine, 
fruits rich on fibers, spicy foods, alcohol, and milky products (in patients with lactose intoler-
ance) may help, but evidence on these restrictions is lacking. Smoking and sedentary lifestyle 
can be associated with FI [46].
6.1. Kinesitherapy
Kinesitherapy is a rehabilitative method that alleviates symptoms and obtains the greatest 
possible recovery of lost or altered function, by utilizing therapeutic exercise and movement 
of the body or part of it to treat disease [47]. Pelviperineal kinesitherapy or pelvic floor muscle 
training (PFMT) occupies a very important position in rehabilitation in the fields of urogy-
necology and proctology. PFMT typically consists of verbally guided instruction in pelvic 
floor and sphincter contractions (Kegel contractions). Anal sphincter exercises are performed 
to strengthen the puborectalis muscle, which is continuous with the external anal sphincter 
[48]. The technique is to consider pelvic floor like an elevator that can stop at different floors 
as it can go up and down. Other reported methods include working on coordination of anal 
sphincter activity and working to isolate a contraction of the anal sphincter. Some therapists 
use to place an hand externally or to guide the patient with finger placed vaginally or rec-
tally for the correct exercise techniques, but most would argue that this constitutes a form of 
low-tech biofeedback training. Biofeedback therapy (BFB) includes many different types of 
training exercises for the pelvic floor. Biofeedback is defined as the process of gaining greater 
awareness of many physiological functions, primarily using instruments that provide infor-
mation on the activity of those same systems, with a goal of being able to manipulate them at 
will. For pelvic floor rehabilitation purposes, the most common type of biofeedback is EMG 
that based on biofeedback therapy, which was introduced in 1979 [49]. Biofeedback is per-
formed using visual, auditory, or verbal feedback techniques with an anorectal manometer 
or electromyographic sonde inserted into the rectum to display pressure modifications [50]. 
Data are registered either through surface electrodes or via the use of intravaginal or intrarec-
tal sensors. Electrical stimulation is another modality that has been used for the rehabilitative 
therapy of FI. The target of electrical stimulation is to improve the strength and/or endurance 
of striated muscles contraction with the objective being typically identified with the external 
anal sphincter. Another goal can be to allow patients with decreased kinesthetic awareness 
to become more cognizant of where their pelvic floor muscles are in space and what it feels 
like when the muscles and sphincter are contracting. Electrical stimulation can be delivered 
to the pelvic floor and anal sphincter in many different forms, including via surface elec-
trodes or intrarectal probes and with many different stimulation parameters and treatment 
protocols. All forms of electrical stimulation are often used with PFMT or biofeedback train-
ing, although stimulation can be used alone as rehabilitative treatment. Transcutaneous and 
percutaneous tibial nerve stimulations have been tried in patients with FI. In a randomized, 
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double-blind, sham- controlled trial, 144 patients were randomly assigned to receive either 
active or sham stimulations for 3 months. No statistically significant difference was shown 
between real and sham transcutaneous electrical nerve stimulation (TENS) in terms of an 
improvement in the number of FI/urgency episodes per week [51].
6.2. Sacral nerve stimulation
Anorectal and pelvic floor innervation derive from the autonomic and the somatic ner-
vous systems. Motor innervation of the levator-ani muscle and pubo-rectalis sling starts 
in the sacral nerve roots (S2–S5) [52–54]. The EAS is innervated by a branch of the puden-
dal nerve, the inferior rectal nerve [52]. Autonomic innervation is sympathetic and para-
sympathetic. Parasympathetic innervation is through the pelvic plexus, derived from the 
sacral nerves (S2–S4) [52]. Anal and distal rectal sensory innervation is mainly through 
the pudendal nerve [55]. Electrical stimulation of this dual innervation seems to excite 
both systems and causes both direct and reflex-mediated responses in the fecal continence 
mechanism [56, 57]. The real mechanism of action of SNS in the treatment of bowel and uri-
nary dysfunctions is not cleared yet. The great part of the studies was conducted in patients 
affected by urinary dysfunctions. For infants, who have not yet achieved voluntary control, 
a critical level of bladder distention is required to stimulate the voiding reflex. This sensory 
input, on reaching the pontine micturition center, simultaneously allows for a coordinated 
detrusor contraction and concomitant urethral relaxation. Gaining voluntary control, the 
voiding reflex becomes a complex process mediated at a higher level in the cerebral cortex. 
Voluntary voiding is a result of inhibition of the sympathetic system and activation of the 
sacral parasympathetic system [58, 59]. In patients with fecal incontinence, limited infor-
mation is available to explain the mechanism of action. A small study demonstrated that 
SNS was associated with higher tolerance of rectal distention, but the neurologic mecha-
nism behind this is unclear [60]. Probably, the pudendal afferent somatic fibers work by 
inhibiting colonic propulsive activity and activating the internal anal sphincter [61]. The 
action on colonic motility may explain why patients with significant anal sphincter defects 
may benefit from SNS.
6.3. Injectable/implantable bulking agents
Injectable agents have been used for the first time as a treatment for urinary incontinence (UI), 
with the advantages of an ambulatory procedure and low morbidity rate but with variable 
success. Thereafter, different injectable agents have been employed for FI. The use of bulking 
agents in patients with FI is still controversial, mostly because of conflicting results and lack of 
agreement regarding adequate indications. Moreover, different techniques of injection have 
been performed, and several agents have been used via injection: Fat, PTQ®, Durasphere®, 
Coaptite®, NASHA TM -Dx, Permacol®, and BulkamidTM. Different techniques of delivery 
have been described, providing a submucosal injection inside the anal canal, intersphincteric 
or within the sphincter defect scar tissue; transanal/transmucosal, transsphincteric or inter-
sphincteric were the route of injection at different areas of the anal canal, in two/three/four or 
more points [62–66].
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Recently, a novel approach has been introduced to treat patients with FI, by the placement of 
implantable agents, in the form of thin cylinders, within the sphincteric complex. The THD 
Gatekeeper TM was the first device used, but very recently, the THD SphinKeeperTM has 
been available for procedure. Gatekeeper TM implants are made of a material (HYEXPAN 
TM) that is both solid at the time of delivery and slowly absorbs water to expand itself once 
implanted. Within 48 h, the implant should have reached its definitive size and shape. At this 
step, the consistency of the material has moved from hard to soft with shape memory, giving 
the implant a pliable texture that makes it compliant to external pressures without losing its 
original shape. For these reasons, it was decided to place the implants in the intersphincteric 
space, in the belief that this would achieve a more effective distribution of a presumed “bulk-
ing effects” than would be achieved with submucosal positioning, thus exploiting the physi-
cal characteristic of the implant most effectively. However, the “bulking effects” should be 
not the only and/or main effect contributing to the therapeutic efficacy. The intersphincteric 
location should also minimize the potential risk of erosion, ulceration, fistulation of the anal 
canal, and possible displacement of the prosthesis [67–70].
6.4. Artificial bowel sphincter
The artificial bowel sphincter (ABS together with dynamic graciloplasty and sacral nerve 
stimulation (SNS)) is still considered an optional treatment for refractory conservative 
treatment and severe fecal incontinence. Christiansen and Lorentzen first reported in 
1987 a perianal implantation of an adapted artificial urinary sphincter (AMS 800, America 
Medical System) for a patient with fecal incontinence [71]. In 1996, Lehur and colleagues 
described the results obtained with an artificial bowel sphincter designed just for FI (Acticon 
Neosphincter – American Medical System) [72]. To date, despite the good results reported 
in the literature, in terms of improved continence and quality of life, the rate of surgical 
explantation and surgical procedures for infections of ABS still remains too high [73]. These 
were the reasons that reduced a wide acceptance of ABS in coloproctology practice. In accor-
dance with Wexner et al., the cumulative risk of device explant increases with time but less 
dramatically in the longer follow-up [74]. Moreover, Wong et al. have shown, in long-term 
follow-up, as after explantation for infection the reimplantation can be performed without 
difficulty [75].
ABS implantation represents the last resort after failure of conservative and less-invasive sur-
gical procedures in fecal incontinence [76]. It is indicated especially in patients with almost 
complete sphincter damage or post-surgical sphincter excision or for patients with congenital 
malformation or with significant neurological dysfunction [77]. In order to achieve long-term 
satisfying results and to use the device completely and competently, potential candidates 
must not have recent or active perineal infection and should not have manual limitations 
[78, 79]. Artificial sphincter was used before for treating urinary incontinence and later modi-
fied for fecal incontinence. The ABS, Acticon Neosphincter (American Medical Systems, 
Minnetonka, MN, USA) aims to control incontinence by mimicking the natural action of the 
sphincter muscle. The device composed of three parts: an inflatable cuff that works as the new 
sphincter and seals the anal canal, a control pump, and a pressure-regulating balloon that also 
functions as a fluid reservoir connected by two special tubes system [80]. The patient is placed 
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in the lithotomy position under general anesthesia. The cuff is positioned creating a tunnel 
around the rectum; the balloon is implanted ahead to the bladder in the Retzius space and 
the pump is inserted into the major labia in women or inside the scrotum in men [79, 81, 82].
6.5. Reconstructive surgery
Reconstructive surgery is indicated more specifically in cases of fecal incontinence incurred 
by anal sphincter lesions, abnormalities, or deformities, as well as sphincter deficiency with 
no evident lesions and abnormalities of the pelvic floor.
The following are several reconstructive techniques:
• Sphincteroplasty.
• Suture of the levator ani.
• Reconstruction of the sphincter complex using muscle repair.
Surgical techniques which resulting in a direct repair are only indicated for lesions located in 
the external anal sphincter. The main cause of sphincter lesions is obstetric trauma. Despite 
the lack of any particular continence consequences caused by childbirth, 1–4% of deliveries 
result in lesions of the sphincter complex or of the pelvic floor (lesions of the third and fourth 
degrees) [83–86]. Fetus weight, surgical incision on the midline of the perineum (episiotomy), 
the use of forceps, and breech presentation are considered the main risk factors of sphincter 
damage [87–89]. Obstetric damages can be detected immediately in the postpartum and are 
caused by third degree laceration, but approximately in 40% of cases [88], continence dys-
functions are detected as early as 6 months post-delivery [85]. The most frequently performed 
surgical procedure for the treatment of obstetric lesions is direct anterior sphincter suture 
repair [89]. Optimal timing for the repair is within 3–4 months following the trauma. Anal 
sphincter repair can be performed using the “end-to-end” technique, thereby facing the two 
laps after resecting scar tissue as well as through the “overlapping” technique, which is per-
formed by overlaying the residual functional extremities. The first technique is used to repair 
recent injuries in which the scar that has outdistanced the extremities of the muscles is not 
yet formed, thus allowing for the facing of the extremities without excessive tension. In old 
injuries, the sphincter defect is often consolidated, and a direct suture of the extremities is 
to be avoided at all cost, as it would be invariably destined to failure. The overlapping tech-
nique is generally quite safe for sphincter suture repair; suture repairs of the pelvic muscles, 
performed alone or with a sphincteroplasty, are carried out in order to treat muscle deficit 
or defects. The goal of this type of technique is the restoration of tension to the functionally 
deficient sphincter muscles through the use of plication. In the history of surgery, the first 
recommended and validated procedure was the postanal repair, presented by Parks in 1971 
and subsequently modified [90]. This procedure was at first suggested to patients with neu-
rogenic or idiopathic fecal incontinence, with no sphincter defect. The anterior levatorplasty 
procedure is often performed to treat pelvic trauma frequently resulting from obstetric injury. 
These types of surgical procedures are performed when an attempt to restore the sphincter 
using the aforementioned technique has not led to any effective results. The logic behind this 
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strategy is to recreate the anal sphincter by replacing degenerative tissue with ectopic muscle 
located at the perineal level or by using a prosthetic device [91]. Muscle transposition and 
prosthetic replacement are two different techniques, yet both utilize the same functionality: 
to create an area with high pressure around the terminal part of the gastrointestinal tract by 
tightening around the distal rectum. Another option is the muscle of the lower limb, which 
extends from the ischium to the knee joint, also called “rectus femoris muscle” alternatively; 
the gluteus maximus muscle may be used. Dynamic graciloplasty is often indicated as the 
type of procedure with the most favorable outcomes, above all thanks to its anatomical char-
acteristics that predispose its transposition [92].
6.6. Intestinal ostomy
When all surgical treatments fail, bowel ostomy may be considered an effective, safe, and 
appropriate surgical solution for patients with severe incontinence [93]. Indications for colos-
tomy/ileostomy include spinal cord injury, complete pelvic floor denervation, severe perineal 
trauma, and actinic FI that can lead to severe neurogenic incontinence. It is performed on 
patients immobilized with skin problems or other complications too [94] or on those who 
are physically or mentally incapable without any bowel control resulting in a poor quality of 
life [95]. The creation of a colostomy or ileostomy provides definitive control of fecal inconti-
nence. It is usually performed if other treatment options had no satisfying results. Patients are 
usually understandably very unwilling to the idea of a permanent ostomy, fearing it will be 
difficult to manage due to the great impact on self-image and social interactions.
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